The association of ethnicity with the incidence of graft-versus-host disease (GVHD) and other clinical outcomes after transplantation is controversial. We compared the results of HLA-identical sibling bone marrow transplantations for leukemia, performed between 1990 and 1999, among different ethnic populations, including 562 Japanese, 829 white Americans, 71 African Americans, 195 Scandinavians, and 95 Irish. Results for adults and children were analyzed separately. Multivariate analyses of adult patients showed that white Americans, African Americans, and Irish cohorts were at significantly higher risk for acute GVHD than Japanese or Scandinavian cohorts (relative risk [RR] ‫؍‬ 1.77, P < .001; RR ‫؍‬ 1.84, P < .006; RR ‫؍‬ 2.22, P < .001, respectively). White Americans, African Americans, and Irish, but not Scandinavians, were at significantly higher risk for early (within 3 months of transplantation) transplant-related mortality (TRM) compared with Japanese (RR ‫؍‬ 2.99, P < .001; RR ‫؍‬ 5.88, P < .001; RR ‫؍‬ 2.66, P < .009, respectively). No differences in the risk for chronic GVHD, relapse, and overall survival were noted. In the pediatric cohort (limited to Japanese and white Americans), white Americans were at significantly higher risk for acute (RR ‫؍‬ 1.93; P ‫؍‬ .04) and chronic (RR ‫؍‬ 3.16; P ‫؍‬ .002) GVHD. No differences in other clinical outcomes were noted. Our findings suggest that ethnicity may influence the risk for GVHD, though overall survival rates after transplantation remain similar.
Introduction
There is considerable interest in identifying genetically determined factors other than HLA that correlate with immune-mediated outcomes of allogeneic bone marrow transplantation (BMT). These genetic factors include the extensive, but poorly characterized, minor histocompatibility antigen (mHag) system involving hundreds of gene polymorphisms throughout the genome. 1 A growing number of cytokine gene polymorphisms are now correlated with transplantation outcomes. 2, 3 Genetic diversity of transplant-related genes is likely to correlate with the diversity of the gene pool in a particular human population. Gene pool diversity, in turn, reflects population mixing. Populations (referred to hereafter as island populations) that have remained geographically isolated for significant periods of time are likely to have less genetic diversity than populations experiencing recent and multiple immigrations. The genetic homogeneity of island populations is likely to be greatest where the founder population was smallest. We hypothesized that transplantation outcome in specific global locations could be affected by the genetic characteristics of the local transplant population, such that transplantation centers treating island populations might experience transplantation outcomes different from those of centers treating genetically diverse populations.
Reports from various Asian countries suggest that risks for acute and chronic graft-versus-host disease (GVHD) are lower in those countries than in North America and Europe. It is speculated that the lower diversity of histocompatibility antigens in some ethnic groups, particularly those of island populations with restricted migration patterns, may account for this. [3] [4] [5] However, many other factors may affect real and apparent risks for GVHD, including cytokine gene polymorphisms and differences in other clinical variables such as age and transplantation regimens. Data directly comparing risks for GVHD and other transplantation outcomes, adjusting for these potentially confounding factors, are lacking. Using data from the International Bone Marrow Transplant Registry (IBMTR), the Japan Adult Leukemia Study Group (JALSG), and the Japan Society for Hematopoietic Cell Transplantation (JSHCT), we compared outcomes after HLA-identical sibling BMT for acute or chronic leukemia in 3 island populations (Japan, Scandinavia, and southern Ireland) with outcomes in the genetically diverse population of the United States.
Materials and methods

Data sources
The IBMTR is a voluntary working group of more than 400 transplantation centers worldwide that contribute detailed data on consecutive allogeneic hematopoietic stem cell transplantations to a statistical center at the Health Policy Institute of the Medical College of Wisconsin in Milwaukee. Based on data collected in the Centers for Disease Control Hospital Surveys and the United States Government Accounting Office and worldwide surveys of transplantation activity, approximately 40% of allogeneic transplantations worldwide are registered with the IBMTR. Participating centers are required to register all transplantations consecutively; compliance is monitored by on-site audits. Patients are monitored longitudinally, with yearly follow-up. Computerized checks for errors, physician reviews of submitted data, and on-site audits of participating centers ensure data quality. IBMTR observational studies are conducted with a waiver of informed consent and are in compliance with Health Insurance Portability and Accountability Act (HIPAA) regulations, as determined by the Institutional Review Board and the Privacy Officer of the Medical College of Wisconsin.
The IBMTR collects data at 2 levels: registration and research. Registration data include disease type; age, sex, and pretransplantation performance status of patient; disease stage and responsiveness to chemotherapy; date of diagnosis; donor and graft type (bone marrow-derived or blood-derived stem cells); high-dose conditioning regimen; posttransplantation engraftment; GVHD; disease recurrence and patient survival; development of new malignancy; and cause of death. Requests for data on disease or death for registered patients are at 1-year intervals. All IBMTR teams contribute registration data on all patients. Research data, including comprehensive clinical information before and after transplantation, are collected on subsets of registered patients selected using a weighted randomization scheme. JALSG and JSHCT collected additional data for this study from Japanese transplantation centers not participating in the IBMTR.
The JSHCT is an academic society for stem cell transplantation; its data center, located in Nagoya, collects data on transplantations performed in Japan. Patients are followed up yearly. The JALSG is a voluntary cooperative study group of 196 hematology centers in Japan that treat more than 40% of Japanese adult leukemia patients. It has a central office at Hamamatsu University School of Medicine, a Data Management Center at Nagasaki University Graduate School of Medicine, and a Web Registration Center at Kanazawa University Graduate School of Medicine. JALSG participated in this study as a group using data obtained from JSHCT. Data were checked by computer and by physicians, and accuracy was reconfirmed by the institution before it was submitted to the IBMTR Statistical Center, where all analyses were performed.
Selection of study population
Island populations were selected using the following criteria: (1) availability of data for 50 or more HLA-identical sibling transplants per ethnic cohort; (2) historical records indicating 1000 or more years of settlement by the present day population, with minimal incursions by immigrants. Cohorts coming from Japan, southern Ireland, and Scandinavia (Sweden, Norway, Denmark) fulfilled these criteria. These ethnic cohorts were compared with white and African American populations in North America reported to the IBMTR. Analyses were restricted to patients who underwent transplantation for acute lymphoblastic leukemia (ALL), acute myelogenous leukemia (AML), or chronic myelogenous leukemia (CML) between 1990 and 1999. The population was further restricted to patients undergoing first transplantation, in first complete remission or in first chronic phase at the time of transplantation, and receiving a non-T-cell-depleted bone marrow graft from an HLA-identical sibling and administered methotrexate and cyclosporine, with or without other drugs, for GVHD prophylaxis.
Historical background of study population
Most of the Japanese population (78 million) is believed to have derived from a small founder population that migrated from a single region of China in approximately 5000 BC. No major immigration has occurred in more than 1000 years. This population is thus genetically homogeneous. 6 The southern Irish population originated from an early postglacial migration of western Europeans some 20 000 years ago; the size of the founder population, though unknown, was probably small. The next series of migrations occurred by Celtic tribes from approximately 2000 to 1000 BC. Thereafter, with the exception of Viking settlements, the Irish population remained genetically isolated from large European migrations in the post-Roman period. Today's southern Irish population (4 million) represents the descendants of an estimated 0.25 million persons surviving in the country after the potato famines of the mid-19th century. 7 Scandinavians originated from a series of northwesterly migrations of central European populations approximately 1000 years ago into a sparsely populated land. The founder population size is unknown but was likely small. The present day population has experienced little recent immigration. 8 The mixed population of North Americans (270 million) represents a genetic admixture in the last 250 years mainly of diverse Europeans, American Indians, Hispanics, and African Americans. We studied 2 subgroups: North American white persons, representing mixed European ancestry, and African Americans, whose African origin implies a well-described and extremely wide genetic diversity.
Study end points
Primary outcomes were the cumulative incidences of grades 2 to 4 acute GVHD for patients surviving more than 21 days, with evidence of engraftment and chronic GVHD in patients surviving more than 90 days with evidence of engraftment. Other clinical outcomes evaluated included overall survival, leukemia-free survival (LFS, survival without leukemia after transplantation), leukemia relapse, and treatment-related mortality (TRM, death in continuous complete remission after transplantation).
Statistical analyses
Separate analyses were performed for adults (20 years of age and older) and children (younger than 20 years). The study categorized ethnic populations (22) 198 (24) 14 (20) 45 (24) 27 (28) F-M 137 (26) 221 (27) 17 (24) 37 (19) 24 (25) F-F 97 (19) 177 (21) 15 (21) 40 (21) 14 (15 (29) 21 (29) 122 (64) 40 (42) TBI Ϯ other 50 (9) 124 (15) 4 (6) 4 (2) 0 Other 18 (3) 91 (11) 5 (7) 13 (8) into the following groups: Japanese, white American, African American, Scandinavian, and Irish. Tables 1 (adult) and 2 (children) show the characteristics of each population according to ethnic group. Because of the small numbers of available subjects, analyses of the pediatric cohort were limited to Japanese and white American groups. Univariate probabilities of LFS and survival were calculated using the Kaplan-Meier estimator; the log-rank test was used for univariate comparisons. For LFS, patients were considered to have experienced treatment failure at the time of relapse or death from any cause; patients alive in continuous complete remission were censored at the last follow-up evaluation. For survival, death from any cause was considered an event; surviving patients were censored at the last follow-up evaluation. Probabilities of acute or chronic GVHD, TRM, and leukemia relapse were calculated using cumulative incidence curves to accommodate competing risks. 9 For acute and chronic GVHD, death from any cause was considered the competing event; patients surviving without GVHD were censored at last follow-up. For relapse, TRM was the competing event; patients alive and in remission were censored at the last follow-up evaluation. For TRM, recurrent leukemia was the competing event; patients alive in remission were censored at the last follow-up evaluation.
Comparisons between the Japanese cohort (reference group) and the other ethnic cohorts, while adjusting for other clinical covariates, were performed with multivariate Cox proportional hazards regression analysis. 10 The assumption of proportional hazards was tested using a time-dependent covariate. Ethnicity was forced in all models. Other variables considered in the models are described in Tables 1 and 2 . Forward stepwise variable selection at a .05 significance level was used to identify covariates other than ethnicity associated with outcome.
Interactions between ethnicity and all covariates were tested before and after model building. Overall covariate effects were tested using the Wald test. Because of multiple comparisons, Bonferroni adjusted P values were applied to all multivariate models (ie, P Ͻ .005 was considered significant). All computations were executed using the procedure PHREG in the statistical package SAS (SAS Institute, Cary, NC). Tables 1 and 2 show characteristics of the adult and pediatric patients by ethnic group. The adult cohort consisted of 562 Japanese, 192 Scandinavians, 95 Irish, 71 African Americans, and 829 white Americans. The pediatric cohort consisted of 156 Japanese and 144 white Americans. Differences in patient-, disease-, and transplant-related characteristics are noted and were considered in the multivariate analyses of all outcomes studied.
Results
GVHD and TRM in adults
Cumulative incidences of grades 2 to 4 acute GVHD among patients older than 20 years are shown in Figure 1 . All ethnic cohorts except the Scandinavians had significantly higher risks for acute GVHD than the Japanese (Tables 3, 4) . Risks for acute GVHD were similar among white Americans, African Americans, and Irish. No other variable analyzed was significantly associated with acute GVHD. No statistically significant differences in the risk for chronic GVHD were detected among the ethnic cohorts.
Cumulative incidences of TRM among patients older than 20 years are shown in Figure 2 . The effect of ethnicity on TRM varied before and after 3 months after transplantation. White Americans, African Americans, and Irish had significantly higher risks for TRM than Japanese during the first 3 months after transplantation, whereas Scandinavians did not (Table 5 ). Among patients surviving 3 or more months after transplantation, no differences in TRM were seen. Other variables associated with higher TRM risk were patient age older than 40 years and presence of ALL.
Relapse, survival, and LFS in adults
There were no differences among the ethnic groups in the risk for relapse (data not shown). Factors associated with relapse were disease type (patients with ALL or AML were at higher risk for relapse [RR 2.90, P Ͻ .0001; RR 1.51, P ϭ .008, respectively] than those with CML) and year of transplantation (transplantations performed from 1995 to 1999 involved lower risk [RR 0.76, P ϭ .04] than did those performed from 1990 to 1994).
The effect of ethnicity on treatment failure (the inverse of LFS) and overall survival varied with time after transplantation. White Americans and African Americans had significantly higher risks for treatment failure than Japanese patients in the first 3 months after transplantation; Irish patients had marginally increased risk (Table 6 ). Scandinavian patients did not differ significantly from Japanese patients in the first 3 months. White American and African American patients were at significantly higher risk for treatment failure in the first 3 months than Scandinavian patients. No other differences among ethnic cohorts were seen. Subsequent risks for For personal use only. on January 15, 2018. by guest www.bloodjournal.org From treatment failure were similar for all ethnic cohorts among patients surviving in remission at least 3 months after transplantation. Higher risks for treatment failure were also associated with patient age older than 40 years, presence of ALL, and transplantation before 1995.
In the first 3 months after transplantation, white American, African American, and Irish patients were at significantly higher risk for overall mortality than Japanese patients but not Scandinavian patients (Table 7) . Among patients surviving the first 3 months after transplantation, subsequent mortality risks were similar in all 5 ethnic groups. Other variables associated with mortality were age older than 40 years, disease type (patients with ALL or AML were at higher risk for mortality than those with CML), and year of transplantation (transplantations performed after 1994 put patients at lower risk for death). Probabilities of LFS and overall survival among patients older than 20 years of age are shown in Figures 3 and 4 .
Outcomes in patients younger than 20 years
Cumulative incidences of acute and chronic GVHD among patients younger than 20 years of age are shown in Figures 5 and 6 . White American children were at significantly higher risk for acute (RR ϭ 1.93; 95% confidence interval [CI], 1.02-3.64; P ϭ .04) ( Table 4 ) and chronic (RR ϭ 3.16; 95% CI, 1.53-6.50; P ϭ .002) GVHD than Japanese children. Patient age at transplantation, type of conditioning regimen, and year of transplantation were associated with risk for acute GVHD. Age at transplantation and donorrecipient sex match were associated with risks for chronic GVHD.
There was no significant difference between Japanese and white American children in the risk for TRM (RR ϭ 1.78; 95% CI, 0.80-3.96; P ϭ .16) or of relapse (RR ϭ 0.89; 95% CI, 0.56-1.40; P ϭ .61), nor were there significant differences between Japanese and white American children in risks for treatment failure (RR ϭ 1.78; 95% CI, 0.80-3.96; P ϭ .16) and overall survival (RR ϭ 1.78; 95% CI, 0.80-3.96; P ϭ .16).
Frequency distribution of HLA alleles
HLA-A, -B, and -DR frequencies are shown in Table 8 . The white American, Scandinavian, and Irish populations were largely similar in their allele frequency, whereas the Japanese and African American populations differed substantially. Figure 7 shows the frequency distribution of the 20 most common HLA-A and -DR alleles in each population. There were fewer HLA-A alleles in the 
Discussion
The present study suggests that transplant-related complications, among them GVHD, are less likely to occur in certain ethnic populations, such as Japanese and Scandinavians. There are plausible biologic rationales for such differences given the known differences in diversity of major and minor histocompatibility frequencies among ethnic groups. However, previous clinical evidence for such differences come from small heterogeneous studies involving 1 or 2 ethnic groups and multiple GVHD prophylaxis regimens and were uncontrolled for differences in other risk factors. We studied a large group of patients, all of whom had early leukemia and received non-T-cell depleted grafts with posttransplantation cyclosporine and methotrexate for GVHD prophylaxis, and we used multivariate regression to adjust for other prognostic factors.
Multivariate analysis of outcomes in adults shows that the white American and Irish cohorts had significantly higher risks for acute GVHD than the Japanese cohort, consistent with the observation made by Morishima et al 3 that the incidence of GVHD is lower in Japanese recipients than in white recipients after HLA-identical sibling transplantation in the United States. Scandinavians, another potentially homogeneous population, are the exception, with a frequency of acute GVHD not significantly different from that of the Japanese. Our results show that the low incidence of acute GVHD after HLA-identical sibling BMT among Scandinavians is in concordance with previous reports, suggesting that the incidence and severity of GVHD after allogeneic BMT is influenced by the ethnic origin of patients and their donors; the incidence is lower in ethnic groups with less HLA polymorphism. However, a recent single-center Scandinavian study showed no difference in acute GVHD after HLA-identical sibling transplantation in Scandinavians compared with patients of other ethnic origins treated at the same center. 11 Nevertheless, in that study, the Scandinavians were at lower risk for chronic GVHD-47% compared with 68% in other ethnic groups-a difference that was significant in multivariate analysis (P Ͻ .001). These data contrast with the findings of the present study, in which Scandinavians had a lower probability of acute GVHD than the American and Irish patients but a similar risk for chronic GVHD. An alternative explanation for the low probability of acute GVHD in Scandinavians may be that a major Swedish optimal posttransplantation care. The diagnosis of GVHD is notoriously difficult to standardize. Therefore, it is possible that, despite the detailed reporting guidelines used by the IBMTR, consistent biases of reporting exist among countries. True differences in GVHD would be expected to translate into differences in the corresponding graft-versus-leukemia (GVL) effect, yet the survival rates of all populations were similar. This leaves open the question of whether the diagnostic criteria for GVHD were comparably applied. Furthermore, the early treatment of grade 1 GVHD in many Scandinavian patients is an obvious bias that could have caused the lower incidence of grades 2 to 4 GVHD and subsequent chronic GVHD. If this explanation is correct, it implies that preemptive management may overcome a genetically determined predisposition to GVHD.
In conclusion, we found less acute GVHD and less early TRM in Japanese and Scandinavian populations than in white American, African American, and Irish populations. Clearly, we can provide no single hypothesis to explain differences in GVHD. Rather, the data suggest several hypotheses. First, the HLA diversity/minor antigen surrogate hypotheses fit the Japanese population difference but are not supported by the Scandinavian data. Second, the pattern of HLA representation/surrogate for cytokine gene polymorphisms could explain all differences. Third, nongenetic explanations should be considered. These include, but are not limited to, the following possibilities: dietary and environmental differences, differences in GVHD diagnosis, and differences in success of GVHD management. One characteristic dietary feature of the Japanese population is the high consumption of fish. 22, 23 As a consequence, Japanese have higher levels of eicosapentaenoic acid and fatty acid with immunomodulatory properties that may reduce the severity of GVHD. Nevertheless, these findings provide a basis for prospective studies to better understand differences in outcome in genetically well-defined populations. 
